Abstract. This paper discusses the short-period terms of nutation which are included in the recent theories of nutation for a rigid Earth. We argue that these terms should be expressed as terrestrial perturbations, that is as polar motion, and describe how s u c h a transformation can be accomplished in practice. Based on the available rigid-Earth amplitudes, we estimate this lunisolar e ect in polar motion for an elastic Earth with liquid core, and compare it to the oceanic and atmospheric perturbations at similar frequencies.
Introduction
Recent developments of the rigid-Earth nutation theory, such a s S M A R T97 , REN2000 (Souchay et al., 1999) , RDAN97 (Roosbeek, 1999) , contain short-period terms caused by the interaction of the lunisolar tidal potential with those geopotential components which express departures from rotational symmetry. These are quasi-diurnal nutations corresponding to the C 3 1 , S 3 1 , C 4 1 , S 4 1 components of geopotential, quasi-semidiurnal nutations corresponding to the C 2 2 , S 2 2 , C 3 2 , S 3 2 components, and quasi-terdiurnal nutations corresponding to the C 3 3 , S 3 3 components. Most of these nutations are prograde (counterclockwise), the largest retrograde amplitudes being of the order of 0:5 as (microarcsecond). Therefore, when expressed in the terrestrial frame they become the low frequency (prograde and retrograde), diurnal prograde and semidiurnal prograde variations, respectively, in polar motion. This part of the nutation spectrum has received some attention recently (e.g. Bretagnon, 1998 Bizouard et al., 2000 , nevertheless it is not included in the nonrigid-Earth nutation models.
The aim of this paper is to describe short-period nutation and to study its importance for the astrometric determination of the Earth orientation parameters and for their geophysical interpretation. We start from the kinematical considerations which describe how the diurnal and sub-diurnal terms of nutation can be expressed as polar motion. Next, we estimate how their amplitudes are modi ed by the nonrigid-Earth response. Finally, w e compare this part of the lunisolar e ect on the equatorial component of Earth rotation with the oceanic and atmospheric perturbations at similar frequencies.
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is integer combination of the fundamental arguments: l m { the mean anomaly of the Moon, l s { the mean anomaly of the Sun, F { the di erence between the mean longitude of the Moon and the mean longitude of its node, D { the di erence between the mean longitudes of the Moon and of the Sun,^ { t h e mean longitude of the node of the moon, and of the Greenwich mean sidereal time (GMST) . This argument takes the form (t) = t + o (t) where is the angular frequency of nutation and o (t) a quasi-constant phase. For k 6 = 0 w e have classical long periodic nutation components, while for k 6 = 1 2 3 { diurnal, semidiurnal and terdiurnal components of nutation, respectively. The corresponding perturbation of the CEP is an elliptical celestial motion which can be expressed as a sum of two quasi-uniform circular oscillations with the same period but in the opposite directions P = sin " o + i " = a + e i'+ e i (t) + a ; e i'; e ;i (t) (5) where a > 0 denotes the amplitude, ' is the phase with respect to the argument . I f > 0, which is the case for the short-period nutation, the term labelled by the subscript \+" describes the prograde (counterclockwise) motion, while that with the subscript \;" the retrograde (clockwise) motion. From the comparison of eq. (5) to equations (2), (3) we d e r i v e a + cos ' + = 0 :5( c sin " o + " s ) a + sin ' + = 0 :5(; s sin " o + " c ) (6) a ; cos ' ; = 0 :5( c sin " o ; " s ) a ; sin ' ; = 0 :5( s sin " o + " c ): (7) For the diurnal and sub-diurnal nutation terms the retrograde amplitudes are much smaller than the prograde ones, the largest being about 0:6 as, therefore we will neglect them retaining in eq. (5) only the prograde term and dropping the subscript \+" for simplicity. After neglecting small di erences between and , eq. (1) We will consider a very simple model of the Earth consisting of the rotationally symmetrical elastic mantle and the liquid core, with no coupling between these two. Note, however, that this model is fully consistent with that applied to estimate the corresponding long-period and diurnal prograde atmospheric and oceanic in uence on polar motion. (See e.g. Brzezi nski and Petrov, Chao et al., 1991 1996 Gross et al., 1998 . The elastic yielding of the mantle is a sum of two di erent e ects (Munk and MacDonald, 1960): rotational deformation proportional to the polar motion amplitude m and appearing independently of the physical nature of perturbation, and tidal deformation associated with external gravitational forcing and proportional to the torque L.
After taking into account these e ects, the corresponding polar motion solution is obtained in the following form 
is the Chandler frequency of the mantle. This is eq. (3-146) of Moritz and Mueller (1987) ; Factor A=A m = 1 :129. Our q is compared in Table 1 to the response functions used in the recent nonrigid-Earth nutation theories, derived for more realistic multi-layer structural models of the Earth. These functions are well-constrained at the frequencies of the long-period nutations, which has been veri ed by comparison with the nutation amplitudes observed by VLBI, but this is not necessarily the case for the short-period nutations. In any case, our q is consistent with other estimates to a few per cent. When expressed in terms of the corresponding nonrigid-Earth nutation amplitudes, the di erences are below 0 :5 as which is a cut-o level adopted in Table 2 . Let us make the following remarks. First, when computing lunisolar e ects on polar motion based on the rigid-Earth amplitudes p r for the gure axis, which i s t h e p r e s e n t case, the same response coe cient is applicable for the instantaneous rotation axis (Wahr, 1981 Moritz and Mueller, 1987) m m r = p p r :
Secondly, the lunisolar torques estimates are based on the satellite-determined geopotential of the entire Earth, that is to a good accuracy our L r . When adopting the assumption that the core does not participate in rotational variations, the coe cient L =L r contains information about the large-scale features of the core-mantle boundary shape. Therefore, constraining the amplitudes of diurnal and sub-diurnal nutations from space geodesy observations, which i s i n fact empirically determining the ratio L =L r , w ould provide important information about the internal constitution of the Earth.
Results and comparison with oceanic and atmospheric e ects
Now, we will consider in detail diurnal and semidiurnal nutation components expressed as low frequency and prograde diurnal variations in polar motion, respectively. We will disregard terdiurnal nutation components because their amplitudes are below 0 :1 as for a rigid Earth, and according to Table 1 this number is further decreased about 8 times for an elastic Earth with liquid core.
Prograde diurnal polar motion
Prograde diurnal polar motion corresponding to semidiurnal nutation, is caused by the interaction of the lunisolar tidal potential with the C n 2 S n 2 (n 2) terms of geopotential, where only the n = 2 c o n tributions are larger than 0:15 as. 
where G denotes gravitational constant, M is the disturbing point mass, r are its geocentric radius, co-latitude and longitude, respectively, B > A are the principal equatorial moments of the Earth's inertia, and o denotes the longitude of the A-axis.
Our equations (14) and (11) (19) which describes prograde a nearly diurnal oscillation because ; t+const. Note, however, that Chao et al. (1991 1996 estimated the coe cient 0 :36 instead of our 0:168, which is also re ected in the individual amplitudes given in Table 2 . This could be either due to the fact that their solution is for m instead of the observed p (see Sec. 2.2), or that they neglected the in uence of the elastic tidal deformation on q (see Sec. 3), both e ects giving a factor of about 2.
This prograde diurnal variation in polar motion is proportional to the equatorial dynamical attening (B;A)=A of the mantle, which can di er from that of the entire Earth by a s m uch as 40% (Herring and Dong, 1994) . If it was possible to estimate its amplitude from the observation of polar motion, we could constrain in this way t h e C 2 2 S 2 2 components of the core-mantle boundary. Table 2 . Largest long periodic and diurnal prograde variations in polar motion (amplitude> 0:5 as) corresponding to diurnal and semidiurnal nutations from the REN2000 tables (Souchay et al., 1999 ). The last column shows estimates of Chao et al. (1991, 1996) (only of the amplitude because the phase is the same as in our estimate). Periods are in solar days and amplitudes in microarcseconds. Eq. (19) can be further re ned by expressing r, , as functions of time.
Instead, we used the REN2000 nutation tables for a rigid Earth (Souchay et al., 1999) together with the nonrigid-Earth response function given by eq. (17) and assuming L = L r . Note that this choice of the rigid-Earth nutation theory has no signi cant in uence upon our estimate because according to Bizouard et al. (2000) the agreement b e t ween the 3 available theories mentioned in Sec. 1 is at the level of 1 as in the time domain. From the estimated amplitudes of the prograde diurnal polar motion, given in Table 2 , we can conclude that:
The maximum peak-to-peak variation for the nonrigid Earth is about 40 as with the main contributions at frequencies of the principal diurnal tides K 1 , O 1 and P 1 .
Comparison with the ocean-tide contributions (Table 3) shows that prograde diurnal librations are systematically about 25 times smaller and di er in phase by about +90 o .
Comparison with the prograde diurnal atmospheric tides in polar motion (Table 3) shows similar order of magnitude but di erent p o wer distribution among diurnal frequencies.
Our estimate con rms, and even strengthens, the conclusion of Chao et al. (1996) that present measurement and modeling accuracies are inadequate for the diurnal libration in polar motion to close the budget, even for the largest tidal waves. Table 3 . Prograde diurnal and semidiurnal polar motion excited by the oceanic tides (Chao et al., 1996) and by the atmospheric tides (Brzezi nski and Petrov, 2000) . Periods are in solar days and amplitudes in microarcseconds. Note that the phase is referred to GMST, which di ers from the usual convention in representing tidal contributions. (Table 2) shows that the maximum peak-topeak variation for the nonrigid Earth can reach 1 2 0 as, which is about 3 times larger than prograde diurnal libration and signi cant in view of the current a ccuracy of monitoring polar motion. Individual contributions are not exactly at the frequencies of important l o w frequency tides and are well separated from the much larger atmospheric contributions at seasonal frequencies. The spectrum is approximately symmetrical with respect to zero frequency. Therefore the waves are highly elliptical. It can be seen when writing the largest waves explicitly: Comparison with the ocean-tide contribution by the M m wave done in Table 4 shows that the direct lunisolar e ect at a monthly period is only about 4 to 5 times smaller and is of a size similar to the current accuracy of determinations of the amplitudes from the geodetic observations. 
Conclusions
Diurnal and sub-diurnal terms of nutation that are caused by the interaction of the lunisolar tidal potential with those geopotential components which express departures from the rotational symmetry, are of geophysical interest because their amplitudes depend on the large-scale features of the core-mantle boundary.
We developed an analytical model of the short-period nutation for a nonrigid Earth, based on the rigid-Earth nutation theory REN2000 assuming that the Earth consists of an elastic mantle and a liquid core with no coupling between these media. This model is expressed in the terrestrial frame, that is as polar motion, which is consistent with the treatment of the oceanic and atmospheric e ects appearing at similar frequencies. When taking into account the size of various components, we can conclude the following: The prograde semidiurnal polar motion corresponding to the terdiurnal nutation is of the order of 0:01 as, and therefore completely negligible.
The prograde diurnal polar motion, sometimes referred to as diurnal libration, corresponding to the semidiurnal nutation has a maximum peak-to-peak size of about 40 as. There is a little chance that in the near future this motion can be observationally separated from the much larger ocean-tide in uences appearing at the same frequencies.
The long-period polar motion corresponding to the diurnal nutation, with main constituents at 27:3 d a ys and 8:85 years, is of the maximum peak-to-peak size of about 120 as. It is signi cant in view of the current accuracy of space geodetic observations, and can be separated from the atmospheric and oceanic perturbations. Therefore it should be accounted for in the excitation balance of polar motion.
